Bone marrow mesenchymal stem cells (BMMSC) have been shown to be recruited to the tumor microenvironment and exert a tumor-promoting effect in a variety of cancers. However, the molecular mechanisms related to the tumor-promoting effect of BMMSC on head and neck cancer (HNC) are not clear. In this study, we investi- 
resection of malignant tissues or a combination of radiotherapy or chemotherapy, but the 5-year survival rate is still around 50%. 1, 2 In addition, a high percentage of patients have a poor response to therapy and have a high recurrence rate. In particular, tongue cancer is characterized by a high potential for regional metastasis, even in early stages. 3, 4 As OSCC severely affects the appearance, swallowing, breathing and psychological state of patients, the application of accurate and efficient biomarkers for early diagnosis and prognostic prediction is urgent. OSCC arises from the accumulation of genetic and epigenetic changes or abnormalities in cancer-associated signaling pathways, causing the acquisition of cancer-related phenotypes that have previously been summarized by Hanahan and Weinberg. 5 Interactions between tumor cells and cells in the tumor microenvironment also play important roles in malignant transformation. 6 The tumor microenvironment undergoes extensive changes during the growth and progression of a tumor. Cells in the tumor microenvironment, including carcinoma-associated fibroblasts (CAF), bone marrow-derived mesenchymal stromal cells, tumor-associated macrophages, other inflammatory cells and vascular cells, all contribute to the hallmarks of cancer and the cancer ecosystem. 7, 8 Mesenchymal stem cells (MSC) were initially identified within the stromal compartment of bone marrow and characterized by the potential of multidirectional differentiation. They have stem cell-like characteristics and are able to differentiate into osteogenic, adipogenic or chondrogenic lineages when placed in appropriate environments. 9 Bone marrow mesenchymal stem cells (BMMSC) have been shown to be recruited to the hypoxic tumor microenvironment and the site of metastasis where they integrate into the tumor microenvironment and provide a source for cells, such as cancer-associated fibroblasts (CAF). 10, 11 Growth factors and cytokines secreted by tumor cells together with endocrine factors of inflammatory tissues surrounding tumors can attract BMMSC to tumor stroma. 12 A number of studies have shown that BMMSC play important roles in tumor progression and promote invasion and metastasis in various cancers. 13, 14 In the tumor microenvironment, upon interaction with MSC, breast cancer cells showed altered biological functions of certain gene clusters, hence increasing stemness of tumor cells, migration ability, angiogenesis, and drug resistance. 15 Li et al 16 showed that MSC were mainly distributed in the tumor stroma after i.v. injection and a low frequency MSC were found to be merged into hepatocellular carcinoma tissue. Rappa 
| Western blot analysis
Cells were harvested in SDS lysis buffer (Beyotime, China), and cell lysates (20 lg) were electrophoresed through 10% polyacrylamide gels. After transferring the proteins to PVDF membranes, the membranes were blocked with 5% non-fat milk in PBS for 1 hours and then incubated separately with primary antibodies against E-cad- 
| Immunohistochemical analysis
Briefly, paraffin-embedded sections were deparaffinized in xylene, 
| Statistical analyses
All statistical calculations were done using SPSS 13.0 statistical software. Student's t test and one-way ANOVA were used to compare the means of 2 groups or more. All tests were two-sided and P values <.05 was considered to be significant. Figure 3A ). Western blot was also used to detect protein expression levels of E-cadherin, N-cadherin and Vimentin. Figure 3B shows that expressions of N-cadherin and Vimentin were increased significantly, and that expression of Ecadherin was decreased significantly when treated with MSC-CM, which suggests that BMMSC could promote EMT of HNC cells. Table 2 , and there was no significant difference between the groups. In the 50 subjects, lymph node metastasis was seen in 22 cases and there were 28 cases with no lymph node metastasis.
Expression of POSTN and N-cadherin are shown in Table 3 . The difference between the two groups was statistically significant (P < .05). The results showed that POSTN and EMT were related to the degree of tumor differentiation and lymph node metastasis, but not related to the TNM staging of the tumors.
Correlation between the expression of POSTN and N-cadherin was also further analyzed. In some cases, expression of POSTN and N-cadherin was consistent. Numbers of both negative, weak positive, positive, and strong positive were 6 cases, 6 cases, 8 cases and 7 cases, respectively. The coincidence rate was 54% (27/50; Table 4 ), suggesting that the expression of POSTN and N-cadherin was positively correlated and that POSTN was related to EMT in HNC.
| DISCUSSION
As an important component of the tumor microenvironment, MSC are associated with tumor development; however, the underlying mechanisms of MSC on HNC remain unexplored and the interactions between HNC and MSC are complex. 7, 8 In the present study, tissue. 29 In the current study, gene and protein expressions of EMTrelated molecules Snail, Twist, E-cadherin, N-cadherin and Vimentin were detected, suggesting that MSC could promote EMT in HNC.
Taken together, these results strongly suggest that BMMSC promoted the progression of HNC.
PI3K/Akt/mTOR signaling pathway has emerged as one of the most frequently deregulated in HNC. 30 Numerous alterations of various upstream and downstream components have been described. mTOR activation was a potential prognostic biomarker and an inverse predictor of lymph node and distant metastases. The current study also showed that BMMSC up-regulated the levels of phosphorylated PI3K/Akt/mTOR in HNC cells. This indicated that activation of the PI3K/Akt/mTOR signaling pathway played important roles in the ability of BMMSC to promote the progression of HNC.
POSTN plays a functional role in the regeneration of tissues such as bone and heart, promotes wound healing and is frequently upregulated in various types of human cancers and is implicated in cancer cell proliferation, invasion, and metastasis. 31, 32 However, whether POSTN is associated with the effect of BMMSC on HNC had not yet been previously addressed. In this study, we found that MSC-CM could promote the expression of POSTN possibly because BMMSC could secrete many kinds of cytokines into MSC-CM such as interleukin-6 (IL-6), interleukin-10 (IL-10), vascular endothelial growth factor (VEGF), transforming growth factor beta (TGF-b) etc.
which promoted POSTN expression in HNC. [33] [34] [35] The current study also showed that the POSTN-activated PI3K/Akt/mTOR pathway played important roles on the effect of BMMSC on HNC cells. 
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